The cerebral metabolic rate for glucose was measured serially with positron emission tomography and [I8F]fluorodeoxyglucose in five baboons with ste reotactic electrocoagulation of the left nucleus basalis of Meynert (NbM). Four days after lesion, a significant met abolic depression was present in the ipsilateral cerebral cortex, most marked in the frontotemporal region, and which recovered progressively within 6-13 weeks. These data demonstrate that adaptive mechanisms efficiently compensate for the cortical metabolic effects of NbM-Ie-
sion-induced cholinergic deafferentation. Moreover, uni lateral NbM lesions also induced a transient reduction in contralateral cortical metabolic rate, the mechanisms of which are discussed. Explanation of these effects of cho linergic deafferentation in the primate could further our understanding of the metabolic deficits observed in de mentia of the Alzheimer's type. Key Words: Nucleus ba salis of Meynert-Deafferentation-Positron tomog raphy (PET)-[I8F]Fluorodeoxyglucose. McGeer et al., 1986) , but in some instances cortical deafferentation due to subcortical lesions has been implicated (d' Antona et al., 1985) . More over, lesions of the thalamus or basal ganglia sub sequent to stroke are known to induce both a cog nitive impairment and an ipsilateral cortical hypo metabolism (Baron et al., 1986; Feeney and Baron, 1986; Metter et al., 1986) . In the present study with PET, we have examined the cortical metabolic ef fects of unilateral NbM lesions in baboons so as to establish an experimental model for cholinergic deafferentation.
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METHODS
Five adult male baboons (Papio anubis, 12.0-15.7 kg) were used. The left NbM was lesioned electrolytically (in its entirety by multiple electrode descents) by stereotaxic approach under barbiturate anesthesia (Davis and Huffman, 1986; Satoh and Fibiger, 1985 ). The regional cerebral metabolic rate for glucose (CMRglu) was mea sured by PET using [18F]fluorodeoxyglucose (FDG) as the tracer (Phelps et al., 1979) . Each baboon was studied before the lesion and 2-4 times after surgery at day 4, day 11, day 25, day 39, or day 88. For the PET studies, the baboons were lightly anesthetized (EEG stage I or II) by an intravenous (i. v.) infusion of phencyclidine (7 lJ-g1kg-min) with N20 and O2, and curarized with alcur onium. This anesthetic regimen was chosen because it does not appreciably affect oxygen consumption in the baboon neocortex (Fitch et ai., 1978) ; in addition, much higher doses of phencyclidine are required to induce changes in glucose use that are limited to limbic struc tures of the rat brain (Meibach et aI., 1979) . Central tem perature and arterial P02, PC02' and pH were kept within normal ranges. Arterial pressure and the ECG were also monitored.
The baboon's head was carefully positioned in the ECAT II single-slice PET camera by means of a specially designed headholder (which included earbars and a sub mandibular orientable plastic frame) such that the scan slices were parallel to the orbitomeatal (OM) line. Ta t tooing of skin landmarks was carried out to further en sure accurate repositioning. FDG, 2-8 mCi, was injected i.v. and 12 scans of the selected brain level (OM + 15 mm) were acquired over 56 min using our published pro tocol (Rougemont et aI., 1984) . This brain level was chosen based on postmortem OM sections of one ba boon's brain such that this level encompassed the frontal, temporal, parietal, and occipital cortices. Three other brain sections were also scanned at the end of the study (OM + 5 mm, + 10 mm, and + 20 mm) to cover the whole brain (10-15 min acquisition time). Due to the low axial resolution of the camera used (19 mm, full-width half-maximum), there was considerable overlap between these four brain levels. The arterial FDG history and plasma glucose concentration (mean of five determina tions) were also obtained (Rougement et ai., 1984) .
Because they are not available from the literature, the FDG transport and phosphorylation rate constants (k* 1, k*2, k*3) for the baboon's brain along with the brain vas cular fraction (VO were estimated in 1. 7-cm 2 circular re gions of interest set in frontotemporal area, by means of an original iterative fitting procedure (Mazoyer et aI., 1986) assuming k*4 = O. This assumption is based on extensive biochemical investigations in rats (Nelson et al., 1985) indicating that any glucose-6-phosphatase ac tivity in brain would have only negligible effects within the time frame of the measurement period (viz., 56 min). Furthermore, were the value for k*4 in baboons to be meaningfully different from zero, its accurate determina tion by a four-constant fitting procedure would require scan times greatly in excess of those employed (Reivich et ai., 1982) . The FDG transport and phosphorylation rate constants and Vf measured preoperatively within the frontotem poral areas in three baboons were: k*1 = 0.084 ± 0.006, k*2 = 0.123 ± 0.029, k*3 = 0.044 ± 0.004, and Vf = 0.073 ± 0.030 (mean ± SD in six hemispheres). The postoperative corresponding values (five studies in three baboons) obtained on both the operated and the non operated side were not significantly different from those measured preoperatively. Because the in vivo autoradio graphic paradigm (Phelps et aI., 1979) results in CMRglu values that are essentially insensitive to small deviations in k*i values, the mean preoperative values were used to obtain the quantitative mapping of CMRglu (in mg glu cose/IOO g brain-min) for all studies whether pre-or post operative (Rougemont et aI., 1984) . In these calculations, the "lumped constant" for FDG used was 0.42, a value empirically determined in man (Phelps et aI., 1979) as no data are available for the baboon. In addition to the fron totemporal region of interest CMRglu was also obtained from a circular occipital region of interest ( Fig. O .
RESULTS
The effects of left NbM lesions on regional CMR g lu values, averaged in five baboons, are shown in Ta ble 1 and typical images are illustrated in Fig. 1 . There was a marked (-42 % ) reduction in frontotemporal CMR g 1u, ipsilateral to the lesion, at day 4, which progressively recovered thereafter.
Slight but statistically significant decreases in CMR g lu were also obtained at day 4 (-30%) in the frontotemporal region of interest contralateral to the lesion. Some degree of postlesion variability might undoubtedly be ascribed to the errors of re positioning; nonetheless, as described above, we undertook every realistic approach to minimize this source of artifact. More probably, the observed in teranimal variability is a function of lesion ef fi cacy.
The histological assessment showed the tracks of the electrolyte lesions, identi fi ed by a glial reaction and neuronal loss. Although the majority of these lesions were situated within the NbM and the sub stantia innominata, occasional lesions were noted slightly rostral or superior to the targeted structure.
The levels of choline acetyltransferase (ChAT), measured following the final PET study (n = 4), demonstrated reductions of between 9 % and 51% in the ipsilateral, compared with the contralateral, frontal cortex. In this brain region, the values for ChAT activity (in nmoles of acetylcholine formed, mg protein-I . hour-I ) were 9.65 ± 0.87 and 16.06 ± 1.62 (mean ± SEM) in the ipsilateral and contralateral hemispheres, respectively (p < 0.05 by paired t test). The detailed analysis of the regional cholinergic neuronal functions, and their correlation with CMR g lu measurement, will be the subject of a later full publication.
When expressed as mean metabolic asymmetries (Table 2) , it was apparent that recovery was slowest in the ipsilateral frontotemporal area, and not com pleted by day 88 as demonstrated by the persis tence of a significant left-to-right asymmetry.
COMMENTS
Our study is the first to demonstrate that unilat eral NbM lesions in primates result in a marked de pression of energy metabolism in the ipsilateral ce rebral cortex. The fact that our results are consis tent with autoradiographic studies of cholinergic deafferentation in rats (Harrell and Davis, 1984, 1985; Kelly et aI., 1985; London et aI., 1984; Orzi et aI., 1986) further supports the contention that the electrolytic stereotaxic lesions were effective.
Although widespread, the absolute metabolic de pression was preferentially located in the fronto temporal region as demonstrated by analysis of variance (T able I), in agreement with those quanti tative studies performed in rats (London et aI., 1984; Orzi et aI., 1986) . In monkeys the neuro chemical correlates of lesions of the NbM are con sistently predominant in the frontal and temporal cortices (Ridley et aI., 1985 (Ridley et aI., , 1986 Struble et aI., 1986) . Anatomical studies have shown that the cor tical projections from the NbM in the monkey are densest in the insula and the frontobasal cortex (Mesulam et aI., 1986b) . Our data therefore indicate that functional synaptic activity in the frontotem poral cortex, as measured by CMRg1u, is under a cholinergic influence, consistent with the concept that acetylcholine acts as an excitatory neuro modulator in the cortex (Rigdon and Pirch, 1986) . (1984) suggest that this remote effect was also present in rats, although not discussed by the au thors. This contralateral effect may result from nonspecific sequelae of the surgical trauma such as damage to commissural fibers. Animals with de liberately misplaced or sham lesions will need to be studied. This remote effect of unilateral NbM le sions may also be due to contralateral projections from this structure: although sparse, these fibers are known to exist in primates (Pearson et aI., 1983) . A contralateral innervation is suggested in those studies in which hypertrophy of the NbM , 1986; Cambon et aI., 1987) , although at a slower rate than the one reported here, and this recovery parallels the steady improvement in the cognitive dysfunc tion that regularly is present in the initial phase (Baron et aI., 1986) . Impairment of behavioral tasks has been reported in marmoset monkeys following NbM lesions (Ridley et aI., 1985 (Ridley et aI., , 1986 . We could not assess whether a behavioral impairment was associated with the cortical metabolic depression in 
